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ABSTRACT 
 
 
 
 
Aim. Soccer performance is determined by a number of physiological adaptations that can 
be altered by high intensity training. However, the effectiveness of using an uphill sprint 
based protocol has not been demonstrated for soccer players. We sought to determine the 
effectiveness of an in-season uphill sprint training (UST) programme on soccer related 
physiological outcomes.  
 
Methods. 14 male soccer players (age: 22 ± 8 years, height: 1.81 ± 8 m, body mass: 76 ± 12 
kg) underwent testing (5-10-5 agility drill, Yo-Yo Intermittent Recovery Test Level 1, leg 
and back dynamometry & 3km time trial) at baseline and after 6 weeks of UST or normal 
activity. Participants were allocated to a control (n=7) or UST (n=7) group.  The UST group 
took part in twice weekly training consisting of 10 x 10 sec sprints with 60s recovery on a 
7% gradient for 6 weeks. The control group maintained normal activity patterns. 
 
Results. 3km time trial, strength, agility and Yo-Yo performance were all significantly 
improved pre to post following 6 weeks of UST (Agility 3%, d=1.3; Strength 10%, d=-3.2; 
VO2 max 3%, d=-1.4; 3-km TT 4%, d=1.3). In the control group 3km time trial, strength, 
agility and Yo-Yo performance remained unchanged after 6 weeks (Agility 0.1%, d=-0.2; 
Strength 2%, d=0.0; VO2 max -0.1%, d=0.0; 3-km TT 1.3%, d=0.3). 
 
Conclusion. Therefore in-season short duration UST is an effective way to improve soccer 
fitness in a time efficient manner. 
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Introduction 
Quantification of physiological demands is complex as it is largely determined by the 
demands of positional groups, team tactics, opposition strategy and individual match-ups
1
. 
Players typically cover 10-12 km at an average intensity of approximately 70% of maximal 
oxygen uptake (VO2 max) during games, thus relying on the aerobic production of energy 
2
. 
Bishop et al.
3
 suggest that a higher VO2 max in soccer can prolong high-intensity 
performance, due to the greater contribution of aerobic metabolism during later sprints. 
Therefore aerobic metabolism becomes important in the second half of soccer games when 
the total distance covered and the number of high-intensity runs are reduced
4
. VO2 max has 
also been associated with successful performance in soccer, with greater VO2 max found in 
players of more successful clubs and national teams
4
. In addition to the high aerobic demand, 
the nature of the game requires players to repeatedly perform sprints, turns, tackles and 
jumps
5
. Therefore a high anaerobic capacity is also required to perform these types of 
movements
2
.  
Training for these diverse physical demands becomes challenging, especially during the in-
season because of the high number of competitive fixtures, the need for frequent travel and 
because technical and tactical sessions are usually prioritised over physical training
6
. Other 
commitments (e.g., work/study) and accumulated fatigue may also result in a reduced 
physical capacity and lower performance level of soccer players as the season progresses. A 
significant decrease in aerobic fitness, from midseason to the end of the season, has been 
demonstrated in semi-professional male soccer players
7
. In contrast, Magal et al.
8
 have 
demonstrated a significant improvement in VO2max and sprint performance in collegiate 
male soccer players over the course of the soccer season. Nevertheless, seasonal changes in 
physiological parameters associated with soccer performance are expected to have an effect 
on the on-field performance of soccer players. Therefore, players and coaches face a 
challenge to maintain physical fitness whilst finding the time to enhance the tactical and 
technical qualities of the athlete.  
High-intensity interval training (HIT) is a time-efficient training method defined as brief 
periods of intense exercise interspersed by a short recovery period
9
. Two weeks of Wingate-
based HIT, consisting of 4-6 maximal 30 second sprints against 7.5% of body weight on a 
cycle ergometer, have been shown to improve aerobic performance and skeletal muscle 
oxidative metabolism
10
, whilst 6 weeks of HIT appears to modify vascular function
11
. In 
soccer players, twice weekly aerobic HIT sessions for eight weeks, involving running on the 
 4 
flat, have been shown to improve aerobic capacity, lactate metabolism and running economy 
which subsequently results in an improved soccer performance
4,
 
12
.  
Intensity of exercise is crucial to the magnitude of training adaptation
13, 14
. Skeletal muscle 
adaptation to run training is directly related to the intensity of the running programme, with 
greater adaptations shown at >80% VO2 peak
14
. Likewise cardiorespiratory adaptation is 
also greater with higher exercise intensity
13
. For sprint training the intensity can be altered 
via increasing mass (weighted vest, sledge), air resistance (parachute) or gradient (uphill 
sprinting)
15
. For example, uphill sprinting elicits a greater metabolic and mechanical cost 
compared to flat sprinting
15
. Despite its good ecological validity
16
 and the use by coaches as 
a resistance-to-movement training method
17
, there is little evidence of uphill sprinting as a 
time-efficient training method in soccer players. Acutely, uphill intermittent running 
produces a higher heart rate and blood lactate accumulation than uphill repeated sprinting in 
soccer players
18
. However, the effectiveness of a longer uphill sprinting programme during 
in-season on a range of physical characteristics in soccer players remains unknown.  
Therefore, the purpose of this study was to determine whether twice weekly shorter duration 
uphill sprinting training could elicit improvements in endurance, agility and strength 
parameters in soccer players. It was hypothesised that 12 sessions of short duration uphill 
sprinting training would significantly improve performance in endurance, agility and 
strength. 
Materials and methods 
 
Fourteen male soccer players (age: 22 ± 8 years, height: 1.81 ± 8 m, body mass: 76 ± 12 kg) 
from the Scottish Junior Football Association were recruited. All players had a minimum of 
5 years’ experience of training twice weekly and playing once weekly. Subjects were 
randomly allocated into 2 groups, control (age: 23 ± 7 years, height: 1.82 ± 8 m, body mass: 
78 ± 14 kg, n=7) and uphill sprint training (UST) (age: 22 ± 8 years, height: 1.75 ± 8 m, 
body mass: 74 ± 11 kg, n=7). The control group were asked to maintain their current training 
and playing habits. The UST group maintained the same current training and playing whilst 
adding an uphill sprint protocol twice weekly. For the duration of the study all participants 
were requested to follow their normal diet. The study was carried out in the second half of 
competitive season (i.e. February to April). The study protocol was approved by the 
institutional Ethics Committee and conducted in accordance with the Declaration of 
Helsinki.  
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Baseline testing 
Subjects carried out the following field tests after performing a standardised warm up, 
consisting of an aerobic warm-up of jogging for 5 minutes followed by standardised 
dynamic stretches.  
5-10-5 agility test 
Three cones were placed along a line 5 m apart and the participant straddled the middle cone 
and on the verbal command “go” he sprinted 5 m in a pre-determined direction (i.e., once to 
the right and once to the left) and touched the cone; turned and sprinted 10 m to the other 
cone; turned and sprinted back to the middle cone.  The total time taken to complete this test 
was recorded in seconds using a stopwatch. Participants repeated the test twice, with 5 
minutes recovery between tests, with the best time reported. 
Yo-Yo Intermittent Recovery Test Level 1 (Yo-Yo IR1) 
The participants were given 10 min passive recovery before performing the Yo-Yo 
Intermittent Recovery Test Level 1 on the football pitch. The test consisted of performing 
repeated 20-m shuttle runs between the starting line and finish line. Each shuttle was 
performed at increasing velocities with 10 s of active recovery between runs until 
exhaustion. The end of the test was considered when the participants had twice failed to 
reach the front line in time or felt unable to cover another shuttle at the dictated speed. The 
total distance covered during the test was recorded and then converted to a predicted VO2 
peak using the following equation: VO2 peak = distance covered * 0.0084 + 36.4 
19
.
Laboratory testing 
Participants reported to the laboratory 48h after the field tests, having fasted for 4h prior to 
arrival. Upon arrival the participants’ body composition was measured using a bioelectrical 
impedance analyser (Tanita TBF-300 Body Composition Analyser, Tanita Inc, USA). 
Participants were instructed to void their bladder prior to testing to ensure accurate 
assessment of body composition. Then the following performance tests were completed: 
Leg and back strength 
Participants stood on the dynamometer with a slight knee flexion as described previously
20
and then pulled as hard as possible. This was repeated on 3 occasions, with the average value 
recorded.  
3-km time-trial 
It has been estimated that 3 km time trials are run at 95% of VO2 max and 92% of the 
velocity at VO2 max
21
 and peak running velocity during an incremental treadmill test is a
6 
good predictor of endurance performance
22
. Therefore 3km time-trial is an accurate measure
of endurance performance and in soccer it has been demonstrated that enhanced aerobic 
endurance improves match performance
4
.
Subjects rested for 5 min prior to performing a self-paced time-trial. The treadmill 
(H/P/Cosmos Mercury, Germany) was set at 1% gradient
23
 and participants were given
instructions to complete the test in the fastest time possible. The treadmill was set to an 
initial speed of 8km.h
-1
 and then the participants were free to control their own speed
throughout the time-trial via a speed-up/slow down button. However, no visual feedback was 
given to the participants except for distance completed. 
Training protocol 
The 6 week training programme consisted of two outdoor training sessions per week on the 
days when players were not taking part in their regular training sessions. Training sessions 
were preceded by the standardised warm-up. Each session involved performing 10 x 10 
second sprints, on a gradient of 7%, followed by a 60 second recovery period that involved 
walking back to the start (work-to-rest ratio 1:6). Participants were verbally encouraged to 
give an “all-out” effort in every sprint.  
Post testing 
Five days after the last training session participants repeated the baseline tests in the same 
order and at the same time of day (± 2h) to avoid diurnal variations in performance. 
Data analysis  
Data are expressed as means ± standard deviation. Data were checked for skewness and 
kurtosis and these values did not exceed twice the standard error, therefore the data were 
deemed to be normally distributed. Due to the small sample size the data were analysed 
using the methodology proposed by Hopkins
24
 for controlled trials. The significance level
was set at 0.05 (P < 0.05) and the Cohen’s d effect size were calculated to quantify the 
magnitude of difference between groups. Further within group (pre to post) Cohen’s d effect 
size were calculated using Morris and Deshon’s equation25. Effect sizes were defined as
follows: d < 0.2 trivial effect, 0.2 - 0.5 small effect, 0.6 - 1.1 moderate effect and >1.2 as a 
large effect
26
.
Results 
5-10-5 agility test 
7 
There were no significant differences in agility performance in the control group pre to post, 
but agility was significantly increased in the UST group pre to post (Table 1). The 
percentage change is significantly greater in the UST group compared to the control group 
(Table 2). 
Leg and back dynamometry 
There were no significant differences in isometric strength in the control group pre to post, 
but isometric strength was significantly increased in the UST group pre to post (Table 1). 
The percentage change is significantly greater in the UST group compared to the control 
group (Table 2). 
Yo-Yo Intermittent Recovery Test Level 1  
There were no significant differences in distance covered during the Yo-Yo test in the 
control group pre to post, but distance covered was significantly increased in the UST group 
pre to post (Table 1). The percentage change is significantly greater in the UST group 
compared to the control group (Table 2). 
There were no significant differences in calculated VO2 max in the control group pre to post, 
but VO2 max was significantly increased in the UST group pre to post (Table 1). The 
percentage change is significantly greater in the UST group compared to the control group 
(Table 2). 
3-km time-trial 
There were no significant differences in time taken to complete the 3-km time-trial in the 
control group pre to post, but the time taken to complete the 3-km time-trial was 
significantly decreased in the UST group pre to post (Table 1). The percentage change is 
significantly greater in the UST group compared to the control group (Table 2). 
Discussion 
HIT interventions carried out in soccer players have previously been shown to improve 
sprint performance and aerobic capacity
4, 27
. However, these studies have utilised longer
duration sprints, which have been performed on the flat, compared to the uphill sprint 
protocol of this study. This study demonstrates for the first time that 6 weeks of twice 
weekly uphill sprinting significantly reduces the time taken to complete a soccer specific 
agility test, increases estimated VO2 peak and reduces time taken to complete a 3-km time 
 8 
trial (Table 1 & 2). Further, there was also a significant increase in leg and back strength 
(Table 1 & 2) after 6 weeks of uphill sprint training. 
Time to complete the 5-10-5 agility test was decreased by 3.2% in the UST group, with a 
large within and between group effect size (Table 1 & 2). This improvement may reflect an 
increased acceleration speed following uphill sprints. It has been demonstrated that HIT 
involving longer duration sprints increases the acceleration phase and 40m sprint 
performance of soccer players
27
, potentially due to greater anaerobic enzyme activity after 
HIT
28
. Alternatively improved neuromuscular adaptations may improve agility due to 
increased electrical activity
29
 and more dispersed synapses
30
 after HIT. These neural 
adaptations may improve power and work production, via increased motor unit recruitment, 
resulting in greater strength. Strength can be defined as the integrated response of several 
muscles contracting maximally during a task
31
.  
Agility is the ability to rapidly change direction and speed of movement as a result of a 
stimulus
3
 and requires rapid force development and high power output, as well as the ability 
to perform ballistic movements
32
. It can be broken down into the time taken to reach 
maximum velocity
33
 and is determined by the ability of the athlete to generate anaerobic 
power
34
. For soccer players, agility has been shown to be a key component of performance
33, 
35
. Typically reaction ability over 5 to 10 m reflects game performance
35
, allowing a faster 
change of direction and a faster sprint pace
36
. Meylan et al.
37
 demonstrated that leg strength 
and power are important contributors to speed when changing direction quickly, with the 
push off action requiring a high volume of force generated. 
Following 6 weeks of uphill sprint training, there was a 10% increase in leg and back 
strength, with a large within group effect size and a moderate between group effect size 
(Table 1 & 2). Ferley et al.
17
 reported a significant improvement in isokinetic strength of 
between 3 and 5% in well-trained distance runners following 12 sessions of uphill (10% 
incline) sprint training. Strength improvement is generally associated with muscular 
hypertrophy or neural adaptations
38
. However, it is unlikely that skeletal muscle hypertrophy 
has occurred during the relatively short duration of the current training programme. Muscle 
hypertrophy is normally only detected after 8-12 weeks of resistance training
39
 and we see 
no change in body mass (data not shown). Likewise, others have reported no change in % 
muscle mass in young adults following 8 weeks of uphill running HIT
40
. Therefore it seems 
likely that the increase in strength is due to neural adaptations rather than hypertrophy and 
9 
importantly for soccer players occurs without any increase in body mass, as extra weight can 
impair performance
2
.
Uphill sprint training has been shown to increase VO2 peak by approx. 6% after 8 weeks
39
and is similar to that reported for cycle based HIT protocols
11
. In the current study we report
a 3% increase in VO2 peak after 6 weeks of uphill sprinting training as assessed by the Yo-
Yo IR1 test, with a large within group effect size but a small between group effect size 
(Table 1 & 2). Further there was a 4% decrease in time taken to complete a 3km time trial, 
with a large within group effect size but a small between group effect size (Table 1 & 2). 
This suggests a small improvement in aerobic metabolism following 6 weeks of uphill 
sprinting, which may reflect the length of recovery given. A recent study by Kavaliauskas et 
al. Has demonstrated that a work to rest ratio of 1:3 produces greater aerobic adaptations 
compared to 1:8 or 1:12 work to rest ratios
41
. Ferley et al.
17
 report an 8% improvement in
submaximal endurance performance when running at 60 and 80% of lactate threshold 
velocity after 6 weeks of uphill sprint training. It has long been established that intensity of 
exercise is crucial to the magnitude of training adaptation
14
.  Following cycle based HIT,
improvements in aerobic metabolism have been shown to be largely regulated via increased 
mitochondrial density and activity
10
 leading to improved time trial performance. With
shorter duration cycle based sprints there is a rightward shift in the blood lactate curve 
resulting in improved time trial performance
41
. Therefore it seems reasonable to assume
similar muscular adaptations are underpinning the improvement in aerobic performance in 
the current study.  In soccer, improvements in aerobic capacity have been shown to increase 
distance covered and the total number of sprint performed during game play 
31
.
Conclusions 
In conclusion, this study demonstrated for the first time that short duration uphill sprint 
training (consisting of 10 second sprints) completed in addition to usual training improves 
agility, endurance and strength measures in semi-professional male soccer players. 
Therefore, coaches and sport scientists can use uphill sprinting as a time-efficient training 
method, that is easily accesable, to optimise in-season training programmes. Future studies 
should look at the applicability of this type of training within an elite setting or the effect of 
sprint duration on performance adaptations. 
 10 
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TITLES OF TABLES 
Table 1.- Absolute changes in performance outcomes in the control and UST groups. 
Table 2. - Percentage changes in performance outcomes in the control and UST groups. 
Table 1.- Absolute changes in performance outcomes in the control and UST groups. 
CONTROL UST 
Pre Post d Pre Post d 
5-10-5 agility    
(s) 6.02 ± 0.14 6.03 ± 0.14 -0.2 5.96 ± 0.16 5.77 ± 0.23
a 1.3 
Leg & back 
dynamometer 
(kg) 
131 ± 16 131 ± 23 0.0 127 ± 10 139 ± 11a -3.2 
YO-YO R1 test 
(m) 
1164 ± 
438 1171 ± 433 -0.1 1468 ± 409 1643 ±382
a -1.5 
YO-YO R1 test 
(ml.kg-1.min-1) 46.2 ± 3.7 46.2 ± 3.7 0.0 48.8 ± 3.4 50.2 ± 3.2
a -1.4 
3km time trial 
(s) 
1063 ± 
127 1046 ±113 0.3 872 ± 70 835 ± 54
a 1.3 
a = p<0.05 pre versus post; d = within group cohen’s d effect size 
Table 2. - Percentage changes in performance outcomes in the control and UST groups. 
CONTROL UST 
% change % change d 
5-10-5 agility -0.1 ± 0.8 3.2 ± 3.3a -1.4 
Leg & back 
dynamometer 1.9 ± 4.9 -10.4 ± 9.6
a 0.7 
YO-YO R1 test 
distance -1.2 ± 5.5 -13.4 ± 8.8
a 0.4 
YO-YO R1 test 
VO2 max 
-0.1 ± 0.9 -2.9 ± 2.0a 0.4 
3km time trial 1.3 ± 4.6 4.2 ± 3.4a -0.2 
a = p<0.05 UST compared to control; d = between groups Cohen’s d effect size 
